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NRA Trades
[Cane 16 16 17 18 19 20 21 22 24 25 28
2A-1 CS- 2A-3 W-
Contiguration 14 2A-2 2A-3 11 2B-1 28-1-OTFS JA-1 3A-2 4A-1 4A-2 3AIM
WEIGHTS (Ib)
AIRFRAME 1?3.470F 121,776} 127,288 132,031 138,382 143,783 118,788 124,031 126,137 134,308 123,088
* Control Surfaces Str 30,799 20,072 31,620 34,828 30,373 31,401 “.lﬁﬂJ 30,334 7,018 20,032 30,107
wing ste 23,742 21,874 24,420 27,145 22,878 23,653 20,576 21,216 20,605 21,430 21,120
tail str 5,407 5,451 5,601 5,751 5,838 6,035 5,321 5,487 5619 5,844 5,462
canard 0 0 0 0 0 0 2,012 2,074 0 0 2,085
body Hlap 1,580 1,547 1,580 1,632 1,857 1,713 1,510 1,557 1,595 1,659 1,550
Speed Brake 0 0 0 0 0 0 0 0 0 0 [
* Primaty Structure 57,961 58,720 59,692 62,039 70,374 72,009 85,086( 01,354 82,628 69,004 58,154
Forward Fuselage 1,635 1,621 1,666 1,710 1,738 1,795 1,605 1,655 2,196 2,284 1,647
Payload Section 12,197 12,009 12,748 13,072 13,408} 13.838# 791 8,144 15,072 14,241 8,108
PAL prov 3,782 3,782 3,782 3,782 3,782 3,782 3,472 3,472 4,712 4712 3,472
Lh2 Tank 11,337 12,507 10,184 11,064 8,804 9,253 10,141 13,421 12,965 17,622 8,718
02 tank 10,817 10,703 11,071 11,441 11,855 12,147 15,176 15,770 13,978 14,677 13,424
RP tank 1,431 1,416 1,485 1514 1,542 1,607 1,703 1.770 1471 1.544 1,760
Outer Shell {Non Int Lh2 Tan 0 0 0 0 9,790 10,121 0 0 0 0 4,545
Body Fairings 4,428 4,390 5,044 6,103 4,898] 5,062 3,687 3,801 0 1,978 3,784
Cany Thru & Attach 3,438 3,407 3,501 3,595 3,649 3,772 3,328 3,430 3,741 3,653 3,414
Thrust Str 8,898 8,800 9,330 9,658 11,022 11,511 8,965 9,892 8,491 8,292 9,280
e TPS 31,218 30,708 32,421 31,031 31,920 35,689 30,528 30,314 32,132 2,179 32,399
ACC 3,238 3,215 3,280 3,364 3,407 3,505 4,362 4477 3,299 3,410 4,459
AETB 4,052 5,895 6,032 5,645 8,134 5,955 6,079 68,238 5967 6,169 6,214
AFRSI 11,608 1,772 12,154 12,134 12,362 10,652 10,506 10,853 11,156 11,527 11,336
TABI 7854 7.797 7.979 7,852 7.871 7.076 7,309 7,655 8,865 10,232 8,067
Carbon Silicone 849 0 0 0 0 8,385 0 0 0 0 0
Cryo insulation 2,918 2,027 2,967 3,038 2,153 2.216' 2,270 1,001 2,845 1,440 2,323
*Miscellansous 3,496 3,474 3,882 3,033, 3,879 3,784, 2,884 2,029 3,582 3,882 2018
purge & vent 1,194 1,188 1,213 1,241 1,257 1,293 1,162 1,192 1,217 1,258 1,188
Thermal Control 2,302 2,286 2,339 2,392 2,422 2,492 1,692 1.737 2,345 2,424 1,730
PROPULSION 79,240| 78,307 81,198 84,042 85,445 89,229 74,731 77,800 83,323 87,703 17,679
engines 48,102 47,571 49,204 51,028} 52,030 54,341 48,201 48,108 49,504 52,115 47,8620
Engine Fit Cont 5,760 5,606 5,803 8,110 6,230 8,507 5,632 5,760 5,928 6,241 5,726
prop and pres 16,474/ 18,202 18,882 17,476 17,675 18,356 14,452 15,048 18,718 10,704 16,208
OMS thrusters 3,018 2,988 3,080 3,104 3,255 3,393 2,904 3,018] 3,102 3,259 3,001
ACS 3,347 3,312 3,427 3,542 3.610 3,764 3221 3,347 3,440 3614 3,328
OMS tank 2,538 2,510 2,601 2,692 2,748 2,868| 2,421 2,521 2,632 2,771 2,506
SUBSYSTEMS 20,018 19,879 20,330 20,780 21,043 21,037 19,507 20,007 20,383 21,060 19,932
avionics 1,855 1,855 1,855 1,855 1,855 1,855 1,855 1,855 1,855 1,855 1,855
Env Cont - Active 1,449 1,441 1,466 1,490 1,504 1,536 1,420 1,447 1,469 1,505 1,443
Power Dist 3.281 3.263) 3319 3,375 3,406 3,478 3,215 3,277 3,326 3,409 3,268
Power Generation 1,318 1,311 1,333 1,355 1,368 1,397 1,201 1,316} 1,336 1,369 1,912
Mechanical Systems 3,815 3,596 3,658 3,719 3,753 ' 3,833 3,542 3,611 3,665 3,756 3,600
landing gear 8,361 8,273) 8,559 8,047 9,015 9,399 8,045 8,361 8,593 9,028 8,314
range safety 140 140 140 140 140 140 140 140 140 140 140
8UB TOTAL 222,734 220,021 228,811 237,054 242,840 284,629 N 3.023' 222,738 229,843 243,139 21,279
margin 33,410 33,003{ 34,322 35,648 36,426 38,194 31,953 33,411 34,476 36,474 33,192
EMPTY WEIGHT 286,144 283,024 263,133 273,302 279,268 202,824 244,877 250,349 264,310 279,633 284,471
Misc (Froet,Buoyancy eic) 1,347 1,347 1,347 1,347 1,070] 1,070 1,390 1,390 1,407 1,497 1,360
payload 26,000 26,000 25,000 26,000 26,000 25,000 ZS.WJ 25,000 25,000 26,000 25,000
DRY WEIGHT 202,491 7,31 200,480 290,840 308,338 318,804 271,387 202,839 200,018 308,130 280,881
propelant 2,822,000 2,593,108 2,887,065 2,781,684 2,638,307 2062419 2,618,400 2,822,248 2,608,430 2,840,776] 2,808,648
oLOW 2,004,500 2,072417 ?_"70,5‘8 3,081,233 3,141,783 3,201,313 2,789,787 2,004,788 2,080,248 3,148 905] 2887 800
K Patel D279/100 Rockwell Asrospace 3/9/05
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SC-1a-1 Certification Analysis
Optlon LO [Wght [RP [Wght |Inter- (Wght |LH2 |Wght Wing {Wght [Fairin{Wght Thrus(Wght [Aft  [Wght Wght | Total
tank tank tank Tank gs Skirt score
struct

1A-1 1.25/1.08] 1 |013| 1 ]085| 2 |094| O 0 1.991125[(033| 0| O 1 |061[125]018| 1| 0.5] 7.94
1A -2 1.25]/1.08] 1 |013[ 1 |085/1.75[111]| O 0 199/1.257033] 0| © 1 [061]125{018[ 1] 05| 8.01
1A-3 1 [1.02] 1 jo13} 1 1088| 2 [094] O 0 |14 )205/125|046| 0 | O 1 |067] 15014 1] 05| 8.73
1A-4 1 (102 1 |013] t 10881175111 ] O 0 14 [205(1.25|/046| O 0 1 [067] 1.5 ]0.14 1] 05| 8.79
1B-1 125|108} 1 |013| 1.2 |1088| 15094 | 1 |0.83 1991251033/ 0] © 1 {061[125/018] 1] 05| 8.51
2A1 1 [096] 1 |013) 1 [112| 25 (101| O 0 201|125/ 04 01 0 1 [o61] 1 |0147] 1] 05| 852
2A-2 1 {096) 1 [043] 1 |112]225/1.08| O 0 2011125/ 04| 01 O 1 |o61f 1 {047 1| 05| 842
2A-3 1 |o96| 1 (013 1 |115| 2 |088] O 0 |14 ([218]125]/053| 0| O 1 {067]1125]014| 1] 05| 9.05
2B-1 1 |o96| 1 |013]| 1.2 [1.15] 1 |073[{125/084]| 1 (196] 1 ]042|/ 0 O 1 |060[125)/031] 1 05| 8.11
3A-1 2 |137| 2 |016| 1.3 |060| 25 098] O 0 1 (193] 15]034| 1 |019] 1 [064]|1.25]|0.18 1| 0.5]10.28
3A-2 2 |137) 2 |016| 13 |060[225]1.25| O 0 1 {193]15]034| 1 |019] 1 [064]|1.25]|022 1] 0.510.70
4A-1 175121} 1 |0143] 1.2 [135] 25 |10t O 0 1 |183] 1 0 0 0 15 {080 0 |0.00 1] 0.5] 9.92
4A-2 175|121 1 |0143] 12 {135]225|1.22| 0 0 83| 1 |017| 0| O [ 13 (067 O {000 1 0.5/10.16
1A-1-Int-Opt11 | 1.25|1.08| 1 |013]| 13 |085] 2 (094 O 0 1991125/033] 01 0 1 [061[125}018( 1| 0.5/ 833
2A-1-Int-Opt 10 1 (096 1 (043} 14 [112]| 25 |1.01( O 0 201|125/ 04|01 O 1t |069[ 1 |031] 1| 0.5] 9.18
2A-1-Int-Opt 11 1 (098] 1 [013]| 1.3 (112] 25 |101| O 0 201/125/04 | 0] O 1 |069| 1 |O47] 1| 0.5 8.93
2A-1-Wng-Opt10{ 1 (096| 1 |013| 1 |112]| 25 [101) O o 14 12181125/ 04 [ O 0 1 |069] 1 |07 1] 05| 9.64
2A-1-Wng-Opt11| 1 |096( 1 |013]| 1 [112]| 25 [101| O 0 | 13}218]|125/04 | 0] O 1 069 1 {017] 1] 05! 942
2A-1-Wng-Opt12{ 1 [096] 1 |013} 1 |112]| 251101} O 0 1.5 (274|125 04 | O 0 1 |069| 1 |0.17 1| 0.5]10.70
2A-1-Tall-Opt 11 1 [096] 1 [043f 1 |112]| 251101} O 0 201[125| 0401 O 1 {069] 1 |017 | 1.3| 0.59| 8.87
2A-1-CS-Opt 11 1 Jo96| 1 {013} 1 |112( 25]101} O 0 |13 ]|204|125)04 |0} O 1 [069] 1 |0147]| 1] 05| 9.24
2A-1-CS-Opt 14 1 {096| 1 [013] 1 (112] 25 (101| O 0 | 15]|211(125(04 (0| O 1 [069] 1 (017] 1] 05| 9.75
2A3-WngOpti11| 1 [096| 1 [013] 1 [1.12]| 25 |101]| O 0 220|125/ 04 [ O 0 1 |069]| 1 |047 1| 05| 8.79
28-1-OTF5 1 Jo98| 1 |013] 1 |1.16] 25 |0.72]|1.25]| 0.84 196 1 j042| 0] O 1 [o60| 1 |031| 1] 05| 888
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SC-1a-3 Certification Demonstration testing
Option LO |Wght|RP |wgnt [inter-[Wght [LH2 [Wght [LH2 [Wght [Wing [Wght |Fairin(Wght |Can|Wght | Thrus Wght |Aft  [Wght |Tall {Wght [Total
tank tank tank Tank tank gs ard t Skint score
outer struct
shell

1A-1 124108} 1 [013; 1 |085]| 1.7 ]094]| O 0 1 199 1 {033] O 0 1.2 | 0.61 1 |0.18 1| 0.5] 7.65
1A -2 1241108} 1 |013| 1 [085] 1.7 |111| O 0 1 [199] 1 033} 0 0 12 {061 1 |0.18 1| 0.5] 7.94
1A-3 1 [1.02] 1t j013]| 1 (088} 1.7 (094]| O 0 1.2 |205( t [046]| O 0 12 1067] 1 [0.14 1] 0.5] 7.99
1A-4 1 |102}{ 1 |013] 1 (088] 17 |111]| O 0 12 |205] 1 |046]| 0 0 12 {067 1 |0.14 1| 0.5| 8.28
1B-1 124|1.08{ 1 {013} + |o88| 1 |094| 1 (083} 1 {199| 1 |033| 0 0 1.2 1061 1 |0.18 1] 05| 7.85
2A-1 1t |096] 1 10.13| 1 |1.12]225]|101| O 0 1 {201 1 04| 0 0 1.2 | 0.61 1 1047 1| 0.5| 8.29
2A-2 1 {096 1 |013| 1 |112]225|1.08] O 0 1 |20t 1 040 0 1.2 | 0.81 1 1047 1| 05| 8.45
2A-3 1 (096} t [013| 1 |1.15[225{088| O 0 13 (218 1 053] 0 0 12 {0687 1 1014 1| 0.5| 9.02
2B-1 1 096 1 |013| 1 |[1.15] 1 |073] 1.3 (084 1 196| 1 |042]| O 0 1.2 1060 1 |0.31 1| 05| 7.97
3A-1 1411137115016 | 1.5{060] 1.7 (098 O 0 1t [103| 1 |034] 101912 ]|064| 1 |018) 1| 05 864
3A-2 1411137|15]0168] 15[060| 1.7 | 125} O 0 1 [193] {1 034 1 [{019] 1.2 1064 1 |022 1| 0.5/ 9.14
4A-1 116|121} 1 [043] 2 |135] 1.7 |1.01] O 0 1 |1.83] 1 0 0 0 1 |080] 0 [0.00 1] 0.5] 9.08
4A-2 116 (121 1 013} 2 (135 1.7 {122]| O 0 11 /183 1 j017} O 0 1.2 |067| 0 |[0.00 1] 0.5] 9.79
1A-1-Int-Opt 11 124(108| 1 |013| 1 |095]| 1.7 {094]| O 0 1 199 1 (033 0 0 1.2 | 0.61 1 (0.18 1l 05| 7.75
2A-1-Int-Opt 10 1 |oe8| 1 [013| 1 [112]225]|1.01| O 0 1 [201] 1 041 0 0 1.2 |069] 1 |031 1| 0.5] 8.52
2A-1-Int-Opt 11 1 |oo8| 1 |013] 1 [112]225]1.01| O 0 1 (201] 1 04| 0 0 1.2 |069] 1 |0.17 1| 0.5 8.38
2A-1-Wng-Opt 10| 1 096| 1 ]013| 1 [1.12]225(101| © 0 13 {218] 1 04| 0 0 12 {069] 1 017 1] 0.5] 9.21
2A-1-Wng-Opt11|{ 1 |096]| 1 |013] 1 11.12/225)101] O 0 12 ]2148] 1 04| 0 0 12 {0698 1 |017 1] 05| 8.99
2A-1-Wng-Opt12| 1 |086| 1 [013] 1 |112]225;101| O 0 1.5 (274 1 041 0 0 12 (069 1 | 047 1| 0.5[10.48
2A-1-Tall-Opt 11 1 (098] 1+ {013] 1 [1.12]225]|1.01] O 0 1 [201] 1 04| 0 0 1.2 {069} 1 [0.17 1| 0.59| 8.47
2A-1-CS-Opt 11 1 |oe8]| 1 {013 1 [112]225]1.01| O 0 1 [204] 1 0410 0 1.2 1069 | 1 |0.17 1| 05| 8.41
2A-1-CS-Opt 14 1 [096| 1 1013| 1 j112]225]101] O 0 1 |21 1 040 0 121069 1 |017 1] 05| 8.48
2A-3-WngOpt11]| 1 1096 1 013 1 |112[225{101] O 0 1 |220] 1 04| 0 0 12 1069 1 {047 1| 0.5} 8.57
2B-1-OTF5 1 096| 1 |013| 1 (116 1 |072] 13 [0.84] 1 196| 1 (042]| O 0 1.2 |060] 1 [ 031 1| 0.5| 7.97
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1A Option Ranked Best For Verification Effort

1A-1]
1a-2]
1A-3]
1A-4]
1B-1]
2A-1]
2A-2]
2A-3]
2B-1]

Verification (Low Is Best)

3A-1]

Y

3A-2]

aA-1 [

Vi

aA-2 =

1A-1 - Int-Opt11]
2A-1 - Int-Opt10 |
2A-1 - Int-Opt11 [

Wt

2A-1 - Wg-Opt10

2A-1-Wg-Opt11 | ..

2A-1 - Wg-Opt12 [

2A-1 - TI-Opt11 [z

2A-1 - CS-Opt11 [
2A-1 - CS-Opt14 [ i

2A-3-Wg-Opt11 L

2B-1-OTF5 [ e

0.0

|

Analysis

Davelopment Testing
Demonstration Testing
Verification Inspection

0.5 1.0 1.5

2.0

1b. Verification Effort - (Qualitative evaluation) - The candidate vehicle options are rated according to the perceived
effort of analysis, development testing, demonstration testing, and inspection required for verification of
structure and TPS. Verification includes certification plus the addition of inspection to ascertain adherence of
the as-built vehicle to drawings and specifications.

Ranking (High Is Best)

2A-1 - CS-Opt14
2A-3 - Wg-Opt11

2B-1-OTF5 S RN S

0

Baslc Cont.
TPS Options

10

“ NASA - ROCKWELL/SSD - NORTHROP/GRUMMAN - ROCKWELL/NAAD/TULSA - HERCULES I
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SC-1b Verification Ranking
Option 1a1 [Wght[1a2 |Wght (123 [Wght |1b1 |Wght |Gran
Total Total Total Inspe d

ction total

1A-1 1.00 [ 0.28 |1.00]{ 0.16 | 1.00 [ 0.36 | 1.05 | 0.20 { 1.01
1A -2 1.01 {1 0.2811.03| 0.18 | 1.04 | 0.36 | 1.09 | 0.20 | 1.04
1A-3 1.10 [ 0.28 |1.07] 0.18 [ 1.04 | 0.36 | 1.08 | 0.20 | 1.07
1A-4 1.4110.28 |[1.09/0.16 | 1.08 | 0.36 | 1.12 | 0.20 | 1.10
1B-1 1.07]0.28 {1.40] 0.16 | 1.03] 0.36 | 1.16 | 0.20 | 1.12
2A-1 1.07 [ 0.28 |1.25] 0.18 | 1.08 1 0.36 | 1.23 | 0.20 | 1.14
2A-2 1.08 | 0.28 11.27{ 0.16 [ 1.10| 0.36 | 1.24 | 0.20 | 1.15
2A-3 1.14 | 0.28 /1,13 0.16 | 1,18 0.36 | 1.24 1 0.20 | 1.17
2B-1 1.02 | 0.28 |1.3410.16 | 1.04 | 0.36 | 1.29 | 0.20 | 1.13
3A-1 1.29 | 0.28 |[246] 0.16 | 1.13]| 0.36 | 1.00| 0.20 | 1.38
3A-2 1.35|0.28 {2.67]{0.18 | 1.20 0.36 | 1.13 | 0.20 | 1.46
4A-1 1.25 { 0.28 {250 0.16 | 1.19] 0.36 | 1.29 | 0.20 | 1.44
4A-2 1.28 | 0.28 |2.62]0.16 { 1.28 ) 0.36 | 1.45| 0.20 | 1.53
1A-1-Int-Opt 11 | 1.05 | 0.28 {1.16] 0.16 | 1.01 { 0.36 | 1.06 | 0.20 | 1.08
2A-1-Int-Opt 10 | 1.18 [ 0.28 [1.43| 0.16 [ 1.11 | 0.36 | 1.26 | 0.20 | 1.21
2A-1-Int-Opt11 [ 1.12]0.28|1.43} 0.16 | 110036 | 1.24 | 0.20 | 1.19
2A-1-Wng-Opt 10| 1.21 | 0.28 | 1.61] 0.16 { 1.20 | 0.36 | 1.26 | 0.20 | 1.28
2A-1-Wng-Opt 11| 1.19 |/ 0.28 |1.61( 0.16 [ 1.18 | 0.38 | 1.26 | 0.20 | 1.27
2A-1-Wng-Opt 12| 1.35 | 0.28 [ 1.78] 0.16 | 1.37 | 0.36 { 1.34 | 0.20 | 1.42
2A-1-Tall-Opt 11 | 1.12 | 0.28 | 1.36| 0.16 [ 1.11 ] 0.36 | 1.25 | 0.20 | 1.18
2A-1-CS-Opt 11 [ 1.16 | 0.28 |1.26| 0.16 | 110 0.36 | 1.25 | 0.20 | 1.17
2A-1-CS-Opt14 | 1.23]0.28(1.27|0.16 | 1.11 | 036 | 1.28 | 0.20 | 1.20
2A-3-Wng-Opt 11| 1.11 | 0.28 | 1.62| 0.16 | 1.12 ] 0.36 | 1.27 | 0.20 | 1.23
2B-1-OTF5 1.12 10281132} 0.16| 1.04 | 0.36 | 1.29 | 0.20 | 1.16
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SC-1¢-1 Producibility - Major Structure Assemblies
Option LO [Wght [RP [Wght [Inter- [Wght [LH2 |Wght |LH2 Woht [Wing [Wght [Falrin[Wght | Can|Wght | Thrus|Wght Aft  |Wght |Tall |Wght | Total
tank tank tank Tank tank gs ard t Skirt score
outer struct
shell

1A-1 1 |108] 1 |013] 1 [085]| 25 (094]| O 0 1 [199] 1 |o33| 0] O 1 |o61] 1 [018] 1] 0.5 8.02
1A -2 1 (108! 1 |013| 1 (085 2 |111] O 0 1 |[199] 1 |033|] 0] O 1 |oet| 1 |018] 1| 0.5 7.89
1A-3 1 |102} 1 |043] 1 |o088| 25094 O 0 | 13]205{ 1 |046) 0| O 1 |o67}f 1 |o0.44] 1} 05 8.81
1A-4 1 102] 1 {o013] 1 |o88] 2 [111] O 0 13]205] t (046 O 0 1t |067] 1 [0.14 1| 0.5| 8.68
1B-1 1 108| 1 {013] 1 |o88| 15]094| 1.3 (083 1 [199] 1 033] 0 0 1 |0.61 1 |0.18 1] 0.5/ 8.19
2A-1 131098| 1 |013] 1 [192] 3 101 O 0 1 |201] 1 (04 ] 0] O 1 {o6t| 1 l047| 1] 05] 9.21
2A-2 13l098| 1 |013]| 1 |1.42] 25 (1.08| O 0 1 {201 1 040} 0 t jos61| 1 |047] 1| 05| 8.88
2A-3 13 |oes| 1+ [013] 1 |1145] 25 (088 O 0 |]13]218) 1 |053] 0] O 1 {067] 1 [014] 1| 0.5] 9.40
2B-1 13]1096| 1 |013] 1 |115] 15]073| 1 |084] 1 |1.96 1 1042} 0 0 1 |o60] 1 |031 1] 0.5| 8.25
3A-1 2 |137| 2 (018]| 1.2 |060| 15 (098] O 0 1 193] 1 [034) 1 |019]| 1 jo64| 1 |0.18 1| 05| 9.03
3A-2 2 137! 2 {018) 1.2 }060| 1 [125]| O 0 1 [103] 1t [034] 1 |019] 1 (064 1 J0O22]| 1| 05] 8.85
4A-1 2 |1291} 1]013] 12 ]135| 15101 O 0 1 /183 O o |[ol o |13]0os80] O [000] 1| 05 9.05
4A-2 2 |121| 1 [013]| 13 |135] 1 (122 O o | 111183l 05|017] 0] 0o {11 ]067] O |000| 1] 05| 8.86
1A-1-Int-Opt 11 1 {108 1 |043] 1.4 [095| 25 094 O 0 1 |199] 1 |033| 0] O 1 {o61| 1 (048] 1| 05| 850
2A-1-Int-Opt 10 13 /098! 1 [013] 18 }112] 3 [101] O 0 1 |20 1 o4 0| O 1 o698} 1 |03 1] 0.5{10.10
2A-1-Int-Opt 11 13 |0o96| 1 013} 14 |112| 3 |101] O 0 1 (201] 1 04101 O 1t (o069] 1 j0147] 1} 05| 9.74
2A-1-Wng-Opt10| 13 |098| 1 |013| 1 |1.12 3 [101] O 0 |186[218] 1+ [04 0| O 1 |os69| v jo.i47] 1] 05]1077
2A-1-Wng-Opt11| 13 |0968| 1 |013[ 1 (112} 3 |101| O 0 {14 }218| 1 04 0] O 1 (069] 1 047! 4| 0.5]10.33
2A-1-Wng-Opt 12| 1.3 098] 1 |0.13] 1 1421 3 |101] O 0 2 [274] 1 041 0] O 1 {069] 1 [017] 1] 0.5(12.76
2A-1-Tall-Opt11 | 1.3 096} 1 |013| 1 [112] 3 [101] O 0 1 |201] 1 04| 0] O 1 {069] 1 |0.47( 1.2 059 9.50
2A-1-CS-Opt11 | 1.3 (098] 1 |013] 1 [1.12] 3 |1.01 0 0 | 12(204] 1 04|/ 0] 0 1 |o69| 1 |017! 1| 05| 9.73
2A-1-CS-Opt14 | 1.3 [096]| 1 |0.43] 1 [1.12] 3 |1.01 0 0 |15{211]| 1 04|/ 0] O 1 {oe9| 1 {017 1] 0.5/10.45
2A-3-WngOpt11]| 13 |098| 1 |013]| 1 1421 3 j101] O 0 |14]220] 1 (04, 0] O 1 |069| 1 |047] 1] 05]10.36
2B-1-OTF5 13 looe| 1 [013] 1 [118| 15 ]072| 13 |084]| t |196]| 1 [042]| 0| O 1 (060) 1 [0.31 1| 05| 8.49
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SC-1¢ Producibility Ranking

Option 1c1 [Wght [1c 2 |Wght |Gran
Total Total d

total

score

1A-1 1.02 [ 0.70}1.03| 0.30 | 1.02
1A -2 1.00 | 0.70 | 1.03{ 0.30 | 1.01
1A-3 1.1210.70 |1.00| 0.30 | 1.08
1A-4 1.10 | 0.70 | 1.00] 0.30 | 1.07
1B8-1 1.04 | 0.70 |1.09] 0.30 | 1.05
2A-1 1.17|0.70 ({1.20] 0.30 | 1.18
2A-2 1.130.70 |{1.20] 0.30 | 1.15
2A-3 1.190.701.16| 0.30 | 1.18
28-1 1.05{ 0.70 ]1.26] 0.30 | 1.11
3A-1 1.14 ] 0.70 | 1.81{ 0.30 | 1.34
3A-2 1.12[0.70 | 1.81} 0.30 | 1.33
4A-1 1.45] 0.70 | 1.65! 0.30 | 1.30
4A-2 112 (0.70|1.65| 0.30 | 1.28
1A-1-It-Opt10 | 1.08 | 0.70 ] 1.03] 0.30 | 1.06
2A-1-Im-Opt 10 | 1.28 | 0.70 | 1.20| 0.30 | 1.26
2A-1-Int-Opt 11 1.23{0.70 ]1.20] 0.30 | 1.22
2A-1-Wng-Opt 10| 1.37 [ 0.70 | 1.20| 0.30 | 1.32
2A-1-Wng-Opt 11} 1.31 | 0.70 ;1 1.20] 0.30 | 1.28
2A-1-Wng-Opt 12] 1.62 | 0.70 | 1.20§ 0.30 | 1.49
2A-1-Tall-Opt 11 | 1.20 | 0.70 [ 1.20] 0.30 | 1,20
2A-1-CS-Opt 11 | 1.23 | 0.70 | 1.20{ 0.30 | 1.22
2A-1-CS-Opt14 | 1.32 ] 0.70 [1.20{ 0.30 | 1.29
2A-3-Wng-Opt 11| 1.31 ] 0.70 | 1.20| 0.30 | 1.28
2B-1-OTFS 1.08 { 0.70 | 1.26| 0.30 [ 1.13
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DESIGN AND PRODUCTION COMPLEXITY - IHM Effort

The candidate vehicle options are rated according to the perceived effort of development and installation of IHM.. For example,
stringer skin constructions have a limited number of components (skin and TPS layers). However, the complexity of the design will
cause more intensive instrumentation to monitor, more intensive inspections and more intensive maintenance. This category is assessed
on the surface are that these structures (tanks) will cover. The rationale being that the more surface area the structure has of a
particularly difficult design the more difficult the structure will be to inspect, monitor and maintain. The critical features of these
designs were considered to be stringer/skin designs, non-integrated designs and material selections.

In general, the design and production complexity - IHM effort was based on several assumptions. These assumptions reflect the
difficultics of inspection and instrumentation of the design configurations during the fabrication process, in-flight monitoring and post-
flight testing as applied to design and materials selections. This assessment of the different design configurations of SSTO is based on
several general assumptions. These assumptions reflect the difficulties of inspection and instrumentation of the design configurations
during the three phases of the vehicles life: 1) Fabrication, 2) Post-flight testing and 3) IHM instrumentation as applied to design and
materials selections.

Design Assumptions

Several design considerations affect the ability of the structure to be inspected. Primary design considerations include the complexity of
the design, the surface area to be inspected, the number of fracture critical components and the number of components to be inspected
of instrumented.

Complexity of design

Inherently, simple designs tend to be better suited to inspection and instrumentation than do complex designs. The more complex
designs, such as skin and stringer designs have a bend and protrusions that limit accessibility to hardware, inspection techniques,
implementation and interpretation. It was also assumed that a more complex design may also require fabrication of specific tooling to
facilitate inspection.

Surface Area

Since the NDI technologies to be employed by IHM/NDI are dependent on the area of coverage (rather than on the thickness of the
hardware), larger surface areas would be more difficult to inspect and instrument. This implies that the elongated and multiple tank
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The critical feature factor of stringer design evaluation as applied to in-flight IHM monitoring indicated that This configuration has a
greater number of critical points of instrumentation. The bond lines and corners associated with the stringer stiffcners are stress
concentration points that would require a concentrated level of instrumentation. It is considered that the acoustic emission transducers
would be concentrated along the stringers and that the configuration complexity would make the signals more difficult to interpret. A
correction factor of 3.0 was applied to the stringer designs to compensate for these difficultics

The critical feature factor of stringer design evaluation as applied to post-flight inspections indicated that due to the tight bend radius
would be difficult to evaluate using NDI techniques. Current laser based ultrasonics only allow for 30 degree angle from the inspection
plane. This indicates that complex tooling would be required for inspection. This configuration has a greater number of critical points
of interest. The bond lines and corners are stress concentration points that would require a concentrated level of inspection. A
correction factor of 3.75 was applied to the stringer designs to compensate for these difficulties.

Critical feature factor of non integral designs

The critical feature factor of non integral design evaluation as applied to the fabrication processes indicated that these designs have
multiple skins that would require multiple inspections prior to installation. This design also increases the number of bond lines. In
addition it was considered that a structure would have to support the internal tank that would increase the number of critical inspection
points. A correction factor of 2.0 was applied to non integral designs to compensate for these difficulties.

The critical feature factor of non integral design evaluation as applied to in flight IHM monitoring indicated that these designs have
multiple skins would effectively double the area for instrumentation. This design also increases the number of bond lines and a support
structure for the internal tank that would increase the number of critical instumentation points. A correction factor of 2.0 was applied
to non integral designs to compensate for these difficulties.

The critical feature factor of non integral design evaluation as applied to post flight inspections indicated that these designs have
multiple skins would effectively double the area for instrumentation. This design also increases the number of bond lines and adds a
support structure for the internal tank that would increase the number of critical inspection points. A correction factor of 2.0 was
applied to non integral designs to compensate for these difficulties.

Critical feature factor of designs which utilize ceramic composites

The critical feature factor of designs that utilize ceramic composites as applied to fabrication inspections indicated that there has been
limited application of NDI techniques applied to ceramic composites. This indicated that inspection of this material may require
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Critical feature factor of designs which utilize a mechanical TPS attachment

The critical feature factor of designs that utilize a mechanical attachment as applied to fabrication inspections indicated that there would
be additional difficulties associated with this design. This indicated that inspection of this material may require advanced techniques or
development of techniques to inspect the mechanical attachments and the gaps. Therefore a correction factor of 2.0 for designs with
mechanical attachments.

The critical feature factor of designs that utilize a mechanical attachment as applied to fabrication inspections indicated that there would
be additional difficulties associated with in flight IHM monitoring. NDI techniques may have to be concentrated to adequately monitor
the mechanical attachments. In addition it is suspected that the attachments may not adequately transfer an acoustic signal from the
panel to the base. This may require advanced techniques or development of techniques. It is also expected that if these techniques
cannot be developed, then the outer panels may not be monitored during flight. Therefore a correction factor of 2.0 for designs with
mechanical attachments was applied.

The critical feature factor of designs that utilize mechanical attachments as applied to post flight inspections indicated that there may be
additional difficulties associated with post flight inspections. This indicated that inspection of this material may require advanced
techniques, development of techniques and concentrated inspections. A correction factor of 2.0 was applicd to designs with mechanical
attachments to compensate for these difficulties.

Trade study process

The trade study consisted of a composite score for each of the design configurations for cach of the three phases of the vehicles life (in
fabrication inspection, post flight inspection and in flight inspection). The composite score for each of these categories is based on
composite structure configuration, fracture critical areas, general surface areas as applied to each component of each configuration for
fabrication, post flight inspections and in flight monitoring. The score represents the relative difficulty level in inspecting each
component. The three parts of the composite score (fabrication, in-flight IHM and post-flight inspection) are weighted equally for the
scope of this investigation. The scores are then converted to a 1 to 10 approximation based on 10 being the highest composite score.

The composite scores were based on several assumptions related to the design configurations. The following general and critical areas
of inspections were derived from simplified tank structures. It was assumed that the critical areas of inspection only included the area
up to the splice, not to the frame. The critical areas were doubled to account for a more intensive inspection or instrumentations. The
wing attachment points were scored according to the wing attachment area. Due to the similarities between designs, the wing, nose,
canard, payload canister areas are not included in this investigation.
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Table 2. Number of variables and applied difficulty factor
Sub total

Trade No. of No. of
Option skins TPS layers
1 1 2

2 2 2

5 4 3

7 4 3

8 1 2

9 2 2

10 2 2

11 2 2

12 1 |

13 1 1

14 1 1
Table 3. Critical Feature Factors
Design deficiency Fabrication
Sandwich structure 1.0
Stringer design 2.0

non integral design 2.0
ceramic materials* 1.5

AFRI or TABI 1.0
Mechanical Attack 2.0

*Blackglas Option 14

NP LAE LB AW B W

IHM
1.0
3.0
2.0
1.0
1.0
2.0

Fabricatio
n Critical
features
factor

2.0
1.0
4.0
4.0
2.0
1.0
2.0
1.0
4.0
2.0
8.0

IHM in- Post-flight

flight Critical
Critical Feature
Feature factor
Factor
3.0 3.75
1.0 2.0
4.0 4.0
4.0 4.0
3.0 3.75
1.0 2.0
2.0 2.0
1.0 2.0
6.0 5.0
3.0 3.75
6.0 10.0

Post-flight

1.0

3.75

2.0

2.0 .

1.5

2.0
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DESIGN1D.XLS
CONFIG CRITICAL [LH2 LH2 CRITICAL [LO2 LO2 RP CRITICAL [WING __|[WING __ [TOTALS [RATING
FEATURE |GENERAL|CRITICAL [FEATURE |GENERAL|CRITICAL |GENERAL |[FEATURE |[GENERAL[ATTACH
FACTOR |AREA |AREA _ |FACTOR |AREA _ |AREA __ |AREA  |FACTOR [AREA  |FACTOR
6940 1228 4565 844 1593 4705 4705
1A-1 FAB 6] 41640 7368 6] 27390 5064 9558 4] 18820]  56460] 166300
IHM 9] 62460] 11052 9| 41085 7506| 14337 4] 18820|  56460] 211810
POST 11.25] 78075 13815 11.25| 51356.25 9495| 17921.25 8]  37640] 56460 264762.5
| . 1 1 ] N 642872.5| 6.941322
6940 1228 4565 844 1593 4705 4705
1A-2 FAB 4] 27760 4912 6| 27390 5064 9558 4| 18820] 56460] 149964
IHM 4] 27760 4912 9| 41085 7596] 14337 4] 18820] _ 56460] 170970
POST 8| 55520 96824 11.25| 51356.25 9495 17921.25 8| 37640| 56460| 238216.5
559150.5| 7.980651
6940 1228 4565 844 1593 4705 4705
1A-3 FAB 6| 41640] 7368 6] 27390 5064 9558| 4| 18820 18820 128660
IHM 9| 2460 11052 9| 41085 7596] 14337 4| "1es20] 18820{ 174170
POST 11.25] 78075 13815 11.25] 51356.25 9495 17921.25 8] 37640]  18820| 227122.5
520952,5| 8.420349
6940 1228 4565 844 1593 4705 4705
1A-4 FAB 4| 27760 4912 6| 27390 5064 9558 4] 18820] 18820] 112324
IHM 4| 27760 4912 9| 41085 7596] 14337 4] 18820] _ 18820| 133330
POST 8] 55520 9824 11.25| 51356.25 9495| 17921.25 8| 37640]  18828| 200584.5
446238.5 10
6940 1228 4565 844 1593 4705 4705
1B-1 FAB 28] 194320] 34384 6| 27390 5064 9558 4] 18B20] 56460] 345996
iHM 28] 194320] 34384 9| 41085 7596] 14337 4] 18820] 56460| 367002
POST 28| 104320 34384 11.25] 51356.25 9495 17921.25 8| 37640|  56460| 401576.5
1114575 4.003667
6509 1408 4805 554 1593 4705 4705
2A-1 FAB 6] 39054 8448 6] 28830 3324 9558 4| 18820] 56460] 164494
IHM o| 58881 12672 9| 43245 4986] 14337 4| 18820|  56460| 209101
POST 11.25| 73226.25] 15840 11.25] 54056.25]  6232.5] 17921.25 8| 37640|  56460| 261376.3
634971.3| 7.027696
6509 1408 4805 554 1593 4705 4705
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DESIGN1D.XLS

7214 834 3002 810 1593 4705 4705
4A-2 FAB 4 28856 3336 6 18012 4860 9558 4 18820 56460 139902
[HM 4 28856 3336 9 27018 7290 14337 4 18820 56460| 156117
POST 8 57712 6672 11.25! 33772.5 9112.5| 17921.25 8 37640 56460| 219290.3
515309.3| 8.659625
6940 1228 4565 844 1593 4705 4705
1A-1 FAB 6 41640 7368 6 27390 5064 9558 4 18820 56460/ 166300
INT 11 IHM 9 62460 11052 9 41085 7596 14337 4 18820 56460 211810
POST 11.25 78075 13815 11.25] 51356.25 9495| 17921.25 8 37640 56460| 264762.5
642872.5| 6.941322
B - ) 6509 1408 4805 554 1593 4705 4705
2A-1 FAB 6 39054 8448 6 28830 3324 9558 4 18820 56460 164494
INT 10 IHM 9 58581 12672 9 43245 4986 14337 4 18820 56460| 209101
POST 11.25| 73226.25 15840 11.25| 54056.25 6232.5| 17921.25 8 37640 56460| 261376.3
634971.3| 7.027696
6509 1408 4805 554 1593 4705 4705
2A-1 FAB 6 39054 8448 6 28830 3324 9558 4 18820 56460] 164494
INT 11 tHM 9 58581 12672 9 43245 4986 14337 4 18820 56460 209101
POST 11.25]| 73226.25 15840 11.25| 54056.25 6232.5| 17921.25 8 37640 56460| 261376.3
634971.3| 7.027696
6509 1408 4805 554 1593 4705 4705
2A-1 FAB 6 39054 8448 6 28830 3324 9558 8 37640 56460| 183314
WG 10 IHM 9 58581 12672 9 43245 4986 14337 8 37640 56460| 227921
POST 11.25] 73226.25 15840 11.25] 54056.25 6232.5] 17921.25 16 75280 56460] 299016.3
710251.3| 6.282826
6509 1408 4805 554 1593 4705 4705
2A-1 FAB 6 39054 8448 6 28830 3